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Multiply
By To obtain Length inch (in.) 2.54 centimeter (cm) foot ( Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (µS/cm at 25°C).
Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L) or micrograms per liter (µg/L).

Laboratory reporting level (LRL)-Generally equal to twice the yearly determined long-term method detection level (LT-MDL)
. The LRL controls false negative error. The probability of falsely reporting a nondetection for a sample that contained an analyte at a concentration equal to or greater than the LRL is predicted to be less than or equal to 1 percent. The value of the LRL will be reported with a "less than" remark code for samples in which the analyte was not detected. The U.S. Geological Survey's National Water Quality Laboratory collects qualitycontrol data from selected analytical methods on a continuing basis to determine LT-MDLs and to establish LRLs. These values are reevaluated annually based on the most current qualitycontrol data, and, therefore, may change (Childress and others, 1999 (table 1) . Sampling completed in 2008 represented the conclusion of a first round of groundwater-quality sampling throughout New York State (excluding Long Island, which is monitored through local county programs). Groundwaterquality sampling was conducted in 2010 in the Delaware, St. Lawrence, and Genesee River Basins; these basins also were sampled in [2005] [2006] as part of this program. This report presents the results of the 2010 groundwater study in the Genesee River Basin in west-central New York.
Groundwater characteristics are affected by the geology and the land use of the area. Shallow wells that tap sand and gravel aquifers are susceptible to contamination by several kinds of compounds, including deicing chemicals, nutrients, pesticides, and volatile organic compounds (VOCs) from agricultural, industrial, residential areas, and upgradient highways. The movement of these contaminants to the water table through the soils and surficial sand and gravel can be relatively rapid. Bedrock wells that tap into sandstone and shale aquifers in rural upland areas generally are less susceptible to contamination from industrial and urban sources, which are mainly in the valleys; but bedrock wells in lowland areas underlain by carbonate bedrock (limestone and dolostone) may be more vulnerable to contamination from surface runoff because infiltration rates and groundwater flow can be relatively rapid through bedrock solution features. Agricultural land upgradient of wells may be a potential source of contamination from fecal waste, fertilizers, and pesticides, from livestock; lawns and residential septic systems also are a potential source of these contaminants. In addition to anthropogenic contaminants, the aquifers contain naturally derived constituents that may diminish water quality, such as arsenic, chloride, hydrogen sulfide, iron, manganese, methane, radon gases, sodium, and sulfate. 
Purpose and Scope
This report supplements the water-quality study completed in [2005] [2006] in the Genesee River Basin (Eckhardt and others, 2007) by resampling 3 of the wells from that study (Wells AG 263, MO 1524, and WO 350) , and provides analytical results for 13 new wells ( fig. 1 ). This report briefly describes the study area and the sampling methods, and presents results of the water-quality analyses for the 16 wells sampled in 2010. Summary statistics (number of samples exceeding Federal or State drinking-water standards) and the minimum, median, and maximum concentrations of selected analytes in sand and gravel and bedrock aquifers are provided in tables 2 through 4; information on the sampled wells and detailed analytical results for all analytes are provided in the appendix (tables 1-1 through 1-9).
Study Area
The Genesee River Basin lies mostly in west-central New York and partly in north-central Pennsylvania ( fig. 1) . A complete description of the study area is included in the first Genesee River Basin report (Eckhardt and others, 2007) . The 2,439-square mile (mi 2 ) study area in New York includes all or parts of nine counties. The central and southern parts of the basin lie within the Appalachian Plateau physiographic province, and the northern part of the basin is in the Lake Ontario Lowlands province ( fig. 1 ). The central and southern parts of the study area are predominantly rural, although there are several large villages [Avon, Dansville, Geneseo, LeRoy, Mount Morris, Warsaw, and Wellsville ( fig. 1) ] and many small villages and hamlets. Most of the developed area is in the northern part of the basin, including the City of Rochester and its suburbs in Monroe County.
During deglaciation of the region, sand and gravel were deposited by meltwater streams; and clay, silt, and fine sand were deposited in proglacial lakes. The glaciofluvial and glaciolacustrine deposits within the study area are described in detail by Randall (2001) and Coates (1966) . The most productive aquifers within the study area are the glaciofluvial deposits of sand and gravel in the valleys. Bedrock aquifers typically are used for water supply in upland areas where sand and gravel aquifers generally are absent. The bedrock aquifers throughout most of the study area are relatively flat-lying, interbedded sedimentary units of shale, siltstone, sandstone, limestone, and dolostone of Silurian and Devonian age (Fisher and others, 1970) .
Methods
A total of 16 wells (appendix table 1-1) were selected for sample collection as described by Eckhardt and others (2007) were finished in bedrock aquifers. Of the eight wells that tap into sand and gravel aquifers, seven are production wells and one is a private residential well. Of the eight bedrock wells, one is a production well and seven are private residential wells. Samples were collected from September through December 2010. The water samples were analyzed for 147 physiochemical properties and constituents that included major ions, nutrients, trace elements, radionuclides, pesticides, VOCs, and indicator bacteria. Most of the wells that are finished in sand and gravel were in the valleys and ranged from 25 to 199 ft deep (appendix table 1-1). The wells that are finished in bedrock were generally in the uplands and ranged from 60 to 260 ft deep; all the bedrock wells were finished in sedimentary units of shale, siltstone, and sandstone (appendix table 1-1).
Wells were selected to provide adequate spatial coverage of the study area. The study did not target specific municipalities, industries, or agricultural practices. The private residential wells were selected on the basis of information from the NYSDEC Water Well program, which began in 2000. Production wells were selected using information from the NYSDEC Water Well program and the New York State Department of Health (NYSDOH) Drinking Water Protection program.
In addition to the 16 groundwater samples, one quality control (QC) sample was collected. The 147 physiochemical properties and constituents were divided between a replicate sample and a blank sample. A concurrent QC replicate sample was collected for radon-222 and the dissolved gases (argon, carbon dioxide, methane, and nitrogen) and a QC blank sample was collected for the remaining 142 physiochemical properties and constituents. The variability between the replicate sample and the corresponding environmental sample was greatest for radon-222, which was detected at a concentration of 750 picocuries per liter (pCi/L) in the replicate sample and 780 pCi/L in the environmental sample-a difference of 3.8 percent. The variability between dissolved gas samples was 1.6 percent or less. Carbon dioxide was the dissolved gas with the greatest variability; the environmental sample had a concentration of 24.6 mg/L and the concentration of the replicate sample was 25.0 mg/L. No constituents exceeded laboratory reporting levels (LRLs) in the blank sample.
Groundwater-sample collection and processing followed standard USGS procedures as documented in the National Field Manual for the Collection of Water-Quality Data (U.S. Geological Survey, variously dated). All samples except those for radionuclide analyses were chilled to 4 degrees Celsius (°C) or less and were kept chilled until delivery to the analyzing laboratory. The samples were delivered directly, or shipped by overnight delivery, to four laboratories: (1) the USGS National Water Quality Laboratory (NWQL) in Denver, Colorado, for analysis of inorganic major ions, nutrients, total organic carbon, inorganic trace elements, radon-222, pesticides and pesticide degradates, and VOCs; (2) the USGS Chlorofluorocarbon Laboratory (CFCL) in Reston, Virginia, for select dissolved gases; (3) a NYSDOH-certified laboratory in Richmond, California, for gross alpha and gross beta radioactivities; and (4) a NYSDOH-certified laboratory in Depew, New York, for bacterial analysis. Physiochemical properties, such as water temperature, pH, dissolved oxygen concentration, and specific conductance, were measured at the sampling site.
Groundwater Quality
Samples from 16 wells were analyzed for 147 physiochemical properties and constituents. Many of these (80) were not detected above the LRLs in any sample (appendix table 1-2). Results for the remaining 67 physiochemical properties and constituents that were detected are presented in appendix tables 1-3 through 1-9. The categories of physiochemical properties and constituents are presented in the appendix tables as follows: physiochemical properties ( 9 ). Some concentrations were reported as "estimated" when the detected value was less than the established LRL, or when recovery of a compound has been documented to be highly variable (Childress and others, 1999) .
Analytical results for selected constituents were compared with Federal and New York State drinking-water standards, which are typically identical. The standards include maximum contaminant levels (MCLs) and secondary drinking-water standards (SDWS) established by the U.S. Environmental Protection Agency (USEPA) (U.S. Environmental Protection Agency, 1999; 2002; ) and the NYSDOH (New York State Department of Health, 2007) . The MCLs are enforceable standards that specify the highest level of a contaminant that is allowed in public water drinking supplies; they are not enforceable for private residential wells, but are presented here as a guideline for evaluation of the water-quality results. The SDWS are nonenforceable guidelines based on cosmetic and aesthetic criteria, such as taste, odor, or staining of plumbing fixtures.
The quality of the sampled groundwater generally was acceptable, although in samples from each of the 16 wells the concentration of at least 1 constituent exceeded recommended MCLs or SDWS set by the USEPA and the NYS-DOH. Exceedances generally involved minerals and chemical elements that occur from natural interactions of water and rock (aluminum, arsenic, copper, iron, manganese, sodium, and sulfate), but also included radon-222, which is generated from the natural decay of uranium, and total coliform bacteria contamination.
Physiochemical Properties
The color of the water samples (appendix table 1-3) ranged from less than 1 platinum-cobalt (Pt-Co) unit (the LRL) to 20 Pt-Co units; the median was less than 5 Pt-Co units for sand and gravel wells and 2 Pt-Co units for bedrock wells. The NYSDOH MCL and USEPA SDWS of 15 Pt-Co units were exceeded in one sample from a sand and gravel well. The pH of the samples ranged from 6.9 to 8.1; the median was pH 7.6 for sand and gravel wells and pH 7.4 for bedrock wells. None of the 16 wells had pH values outside the accepted USEPA SDWS range of pH 6.5 to 8.5 (U.S. Environmental Protection Agency, 2009). Specific conductance of the samples ranged from 293 to 2,510 microsiemens per centimeter (µS/cm) at 25°C; the median was 593 µS/cm at 25°C for sand and gravel wells and 872 µS/cm at 25°C for bedrock wells. The temperature of the water ranged from 9.7°C to 16.9°C; the median was 10.5°C for sand and gravel wells and 13.4°C for bedrock wells.
Dissolved-oxygen concentrations ranged from 0.2 milligrams per liter (mg/L) to 2.7 mg/L; the median was 0.6 mg/L for sand and gravel wells and 0.4 mg/L for bedrock wells. Methane concentrations ranged from less than 0.0005 mg/L (the LRL) to 45.4 mg/L; the median was 0.016 mg/L for sand and gravel wells and 0.005 mg/L for bedrock wells. The odor of hydrogen sulfide gas, which may occur in the absence of oxygen, was noted by field personnel in water from two sand and gravel wells and three bedrock wells.
Major Ions
The cations that were detected in the greatest concentrations were calcium and sodium (table 2 and appendix table  1 -4) . Calcium concentrations ranged from 22.9 to 544 mg/L; the median was 58.1 mg/L for sand and gravel wells and 102 mg/L for bedrock wells. Magnesium concentrations ranged from 6.03 to 49.5 mg/L; the median was 16.6 mg/L for sand and gravel wells and 38.7 mg/L for bedrock wells. Potassium concentrations ranged from 1.06 to 17.5 mg/L; the median was 1.45 mg/L for sand and gravel wells and 2.78 mg/L for bedrock wells. Sodium concentrations ranged from 6.14 to 118 mg/L; the median was 32.6 mg/L for sand and gravel wells and 28.0 mg/L for bedrock wells. The USEPA nonregulatory drinking-water advisory taste threshold for sodium recommends that sodium concentrations in drinking water not exceed the range of 30 to 60 mg/L (U.S. Environmental Protection Agency, 2002; . The concentration of sodium in samples from one sand and gravel (97.4 mg/L) well and two bedrock wells (61.8 and 118 mg/L) exceeded the upper limit of the USEPA threshold.
The anions that were detected in the greatest concentration were bicarbonate and sulfate (table 2 and appendix table  1 -4) . Bicarbonate concentrations ranged from 76 to 437 mg/L; the median was 246 mg/L for sand and gravel wells and 344 mg/L for bedrock wells. Chloride concentrations ranged from 8.85 to 94.7 mg/L; the median was 54.2 mg/L for sand and gravel wells and 19.6 mg/L for bedrock wells. Fluoride concentrations ranged from 0.07 to 0.63 mg/L; the median was 0.14 mg/L for sand and gravel wells and 0.27 mg/L for bedrock wells. Silica concentrations ranged from 6.48 to 21.2 mg/L; the median was 9.15 mg/L for sand and gravel wells and 13.5 mg/L for bedrock wells. Sulfate concentrations ranged from <0.09 mg/L (the LRL) to 1,510 mg/L; the median was 15.6 mg/L for sand and gravel wells and 75.0 mg/L for bedrock wells. The NYSDOH MCL and USEPA SDWS of 250 mg/L were exceeded in samples from three bedrock wells.
Calcium and magnesium contribute to water hardness. Water hardness in the basin ranged from 82 to 1,560 mg/L (as CaCO 3 ); the median was 216 mg/L for sand and gravel wells and 415 mg/L for bedrock wells. Three of the samples were soft to moderately hard (120 mg/L as CaCO 3 or less) and 13 wells yielded water that was hard to very hard (greater than 120 mg/L as CaCO 3 ) (Hem, 1985) . Wells finished in bedrock were slightly more alkaline (median 282 mg/L as CaCO 3 ) than those finished in sand and gravel (median 202 mg/L as CaCO 3 ). Concentrations of total dissolved solids ranged from 160 to 2,400 mg/L, with a median of 327 mg/L for sand and gravel wells and 505 mg/L for bedrock wells. The USEPA SDWS of 500 mg/L for dissolved solids was exceeded in one sand and gravel well and three bedrock wells.
Nutrients and Organic Carbon
Total organic carbon was the predominant nutrient in the groundwater samples (table 3 and appendix table 1 
Trace Elements and Radionuclides
The trace elements detected in the greatest concentrations (>100 µg/L) were aluminum, arsenic, barium, boron, copper, iron, manganese, and strontium (table 4 and appendix table 1-6). The largest detected concentration of a trace element, 19,800 µg/L, was of strontium in a sample from a bedrock well. The concentration of aluminum in one sample from a bedrock well, 454 µg/L, exceeded the upper limit of the USEPA SDWS for aluminum of 200 µg/L. The concentration of arsenic in one sample from a sand and gravel well (148 µg/L) and one sample from a bedrock well (13.3 µg/L) exceeded the USEPA and NYSDOH MCL of 10 µg/L. The concentration of copper in one sample from a bedrock well (1,610 µg/L) exceeded the USEPA SDWS of 1,000 µg/L. The concentration of iron in eight filtered samples and nine unfiltered samples exceeded the USEPA SDWS and the NYSDOH MCL of 300 µg/L. The concentration of manganese in seven filtered samples and eight unfiltered samples exceeded the USEPA SDWS of 50 µg/L; the NYSDOH MCL of 300 µg/L was not exceeded in any sample. Drinking-water standards for antimony, barium, beryllium, cadmium, chromium, lead, mercury, selenium, silver, thallium, uranium , and zinc were not exceeded; additionally, mercury and thallium were not detected in any sample (appendix table 1-2).
Three measures of radioactivity were employed (table 4 and appendix table 1-6). Gross alpha activity ranged from less than 0.70 to 2.8 pCi/L. The median activity was <1.2 pCi/L in samples from sand and gravel wells and <1.3 pCi/L in Table 3 . Drinking-water standards and summary statistics for concentrations of nutrients in groundwater samples from the Genesee River Basin, New York, 2010.
[All concentrations in milligrams per liter in filtered water except as noted. N, nitrogen; --, not applicable; <, less than; E, estimated value-constituent was detected in the sample but with low or inconsistent recovery; P , 1980, 1999, 2009 ).
Pesticides
Four pesticides (two herbicides and two insecticides) were detected in samples from three wells (appendix table 1-7). The pesticides were detected in samples from one sand and gravel well and two bedrock wells. All pesticide concentrations were in hundredths or thousandths of micrograms per liter. The constituent detected with the highest concentration (0.013 µg/L) is the insecticide lindane, which was detected in the sample from the sand and gravel well. The herbicide benfluralin was also detected in the sample from the sand and gravel well at a concentration of 0.003 µg/L. The insecticide disulfoton was detected in one sample from a bedrock well at an estimated concentration of 0.01 µg/L. The presence of the herbicide prometon was verified in one sample from a bedrock well but could not be quantified. None of the pesticides analyzed contained concentrations that exceeded established drinking-water standards.
Volatile Organic Compounds
Four VOCs were detected in samples from three sand and gravel wells and three bedrock wells (appendix table 1-8). Trichloromethane, bromodichloromethane, and dibromochloromethane were detected in samples from two wells. These three compounds are trihalomethanes (THMs), which typically are formed as byproducts when chlorine or bromine is used to disinfect water. Trichloromethane was detected in a sample from a sand and gravel well at a concentration of 0.1 µg/L, and in a sample from a bedrock well at a concentration of 1.3 µg/L. The two other THMs, bromodichloromethane and dibromochloromethane, were also detected in the sample from the bedrock well at concentrations of 0.4 and 0.2 µg/L, respectively. Toluene was detected in samples from three sand and gravel wells and two bedrock wells at concentrations ranging from 0.1 to 0.3 µg/L. None of the VOCs analyzed exceeded established drinking-water standards.
Bacteria
All samples were analyzed for Escherichia coli, fecal coliform, heterotrophic bacteria, and total coliform. Total coliform bacteria were detected in six samples (appendix table 1-9)-three from sand and gravel wells and three from bedrock wells. The USEPA and NYSDOH MCL violation for total coliform bacteria occurs when 5 percent of finished water samples collected in 1 month test positive for total coliform (if 40 or more samples are collected per month) or when two samples are positive for total coliform (if fewer than 40 samples are collected per month). Heterotrophic plate counts ranged from 1 to 133 colony-forming units per milliliter (CFU/mL); the USEPA MCL (500 CFU/mL) was not exceeded. 
Wells Sampled in
Summary
In 2002, the U.S. Geological Survey, in cooperation with the New York State Department of Environmental Conservation (NYSDEC), began an assessment of groundwater quality in bedrock and sand and gravel aquifers throughout New York State. As a part of this assessment, the Genesee River Basin was studied in 2005-2006 and again in 2010. The 2010 study is the subject of this report and includes analysis of 16 water samples collected from 8 production wells and 8 private residential wells from September through December 2010. Water samples were analyzed for 147 physiochemical properties and constituents that included major ions, nutrients, trace elements, radionuclides, pesticides, VOCs, and indicator bacteria. Three wells (AG 263, MO1524, and WO 350) were tested in both studies and a comparison was made of the results. The results indicate that groundwater generally is of acceptable quality, although concentrations of the following constituents exceeded current or proposed Federal or New York State drinking-water standards at each of the 16 wells sampled in 2010: color (one sample), sodium (three samples), sulfate (three samples), total dissolved solids (four samples), aluminum (one sample), arsenic (two samples), copper (one sample), iron (nine samples), manganese (eight samples), radon-222 (nine samples), and total coliform bacteria (six samples). Existing drinking-water standards for pH, chloride, fluoride, nitrate, nitrite, antimony, barium, beryllium, cadmium, chromium, lead, mercury, selenium, silver, thallium, zinc, gross alpha radioactivity, uranium, fecal coliform, Escherichia coli, and heterotrophic bacteria were not exceeded in any of the samples collected. None of the pesticides and VOCs analyzed exceeded existing drinking-water standards. [Well locations are shown in figure 1 . (00080) [Well locations are shown in figure 1 . mg/L, milligrams per liter; N, nitrogen; (00623), National Water Information System (NWIS) parameter code; P, phosphorus; <, less than; E, estimated value-constituent was detected in the sample but with low or inconsistent recovery] Prefix denotes county: AG, Allegany; GS, Genesee; LV, Livingston; MO, Monroe; OT, Ontario; WO, Wyoming; number is local well-identification number assigned by U.S. Geological Survey. [Well locations are shown in figure 1 . μg/L, micrograms per liter; (01105), USGS National Water Information System (NWIS) parameter code; <, less than; E, estimated value-constituent was detected in the sample but with low or inconsistent recovery. 
